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ABSTRACT 


(Distribution  Limitation  Statement  No.  3) 


The  design  of  a  flexible  pavement  airfield  requires  that  the  traffic  volisne  be 
considered  as  one  of  the  parameters.  Criteria  are  presented  that  allow  the 
airfield  designer  to  design  an  airfield  for  any  anticipated  traffic  volume  by 
decreasing  the  basic  design  thickness  for  less-than-capacity  traffic  and 
increasing  the  basic  design  thickness  for  traffic  volumes  g reate r-than-capacity 
operation. 
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SECTION  I 
INTRODUCTION 

The  thickness  design  for  permanent  military  airfields  in  the  United 
States  has  generally  been  based  upon  the  anticipated  20-year  traffic  inten¬ 
sity,  which  is  termed  capacity  operation.  The  thickness  requirement  for 
capacity  operation  is  considered  to  be  100-percent  design  thickness.  Except 
for  special  traffic  areas,  such  as  channelized  traffic  areas,  permanent-type 
facilities  have  generally  been  designed  for  the  100-percent  thickness. 

In  a  limited  war  situation,  it  is  neither  feasible  nor  economical  to 
construct  a  pavement  for  a  20-year  design  life.  In  the  theater  of  opera¬ 
tions,  paved  airfields  or  airfields  surfaced  with  expedient  materials  (landing 
mat,  membrane,  etc.)  are  normally  built  for  a  life  of  several  months  to  several 
years.  As  a  tactical  mission,  it  then  becomes  important  to  construct  an  air¬ 
field  in  a  minimum  amount  of  time  with  a  minimum  of  construction  materials. 

To  provide  guidance  to  accomplish  such  a  mission,  it  was  necessary  to  improve 
existing  engineering  criteria,  which  reflect  reductions  in  thickness,  that 
could  be  used  for  other-than-capacity  operational  designs. 

The  basic  tool  for  designing  flexible  pavements  for  less-than-capacity 
operation  is  a  plot  prepared  by  the  U.  S.  Army  Corps  of  Engineers  entitled 
"Percent  of  Design  Thickness  Versus  Coverages"  (reference  l).  Since  this  plot 
was  based  on  only  a  small  amount  of  data  obtained  prior  to  1949  and  since  there 
was  no  unanimous  agreement  as  to  the  location  of  this  curve  with  x'espect  to  the 
coordinate  axes,  it  was  felt  that  a  study  of  all  currently  available  data  should 
be  conducted  to  improve  the  usability  of  these  criteria. 
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The  purpose  of  this  report  is  to  present  the  results  of  a  project  con¬ 
ducted  for  the  investigation  and  development  of  data  upon  which  to  base  ade¬ 
quate  engineering  criteria  for  design  of  flexible  pavements  that  will  be 
subjected  to  less-than-capacity  operation. 

An  office  study  was  therefore  conducted  to  review  and  analyze  existing 
traffic  test  data  as  presented  in  numerous  technical  reports  in  order  to  fulfill 
the  test  objective. 
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SECTION  II 
CURRENT’  CRITERIA 

A  procedure  has  existed  for  several  years  lor  designing  or  evaluating 
airfields  for  various  intensities  of  traffic.  This  traffic  has  always  been 
expressed  in  terms  of  coverages,  where  a  coverage  represents  that  number  of 
contiguous  aircraft  wheel  passes  required  to  load  a  designated  portion  of  a 
pavement  one  time.  The  criteria  used  for  designing  or  evaluating  pavements 
for  various  coverage  levels  are  shown  in  a  plot  of  coverages  versus  percent 
of  design  thickness  (figure  1).  To  use  this  plot,  the  100-percent  design 
thickness  is  determined  and  then  adjusted  to  the  thickness  requ:  red  for  other 
coverage  levels.  The  100-percent  design  thickness  has  been  designated  as  that 
thickness  required  for  capacity  operation  or  for  5000  coverages.  Therefore, 
thickness  requirements  for  coverage  levels  other  than  5000  coverages  are  de¬ 
termined  by  increasing  or  decreasing  the  5000-coverage  thickness  by  the  percent 
design  thickness  value  read  from  figure  1. 
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SECTION  III 
DISCUSSION  OF  DATA 

In  order  to  accorplish  the  purpose  of  this  project,  it  was  necessary  to 
select  and  analyze  data  from  those  failed  pavements  that  could  be  related  to 
current  pavement  design  methods  and  procedures.  The  available  traffic  test 
data  were  reviewed  regardless  of  the  origin  or  mode  of  failure.  However,  the 
final  analysis  was  performed  using  only  selected  data  from  that  reviewed.  The 
data  selected  for  use  in  the  analysis  were  data  that  resulted  from  subgrade 
failures,  consisted  of  only  one  loading  intensity,  and  represented  pavement 
systems  constructed  using  typical  construction  materials.  Only  subgrade 
failures  were  considered  because  the  current  thickness  design  procedures  are 
based  upon  protecting  the  subgrade  from  failure.  Since  pavement  structures 
are  designed  for  only  one  loading  intensity,  it  was  necessary  to  consider  only 
those  failures  produced  by  one  loading  condition.  The  design  of  a  pavement  for 
various  coverage  levels  is  accomplished  by  reducing  only  thickness  requirements 
and  not  material  requirements;  therefore,  those  pavement  failures  obtained  on 
materials  not  meeting  quality  standards  were  eliminated. 

The  data  that  met  the  above  requirements  are  presented  in  tables  I  and  II. 
Shown  in  these  tables  are  the  source  of  the  data,  loading,  subgrade  strength 
(CBR),  coverages  at  failure,  thickness  above  subgrade,  gear  arrangement,  and 
tire  contact  area. 
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SECTION  IV 
DATA  .ANALYSIS 


f 


The  analysis  of  data  in  this  study  was  aimed  at  revising  existing 
criteria  for  designing  flexible  pavements  for  various  coverage  levels.  The 
following  equation  from  reference  8  is  currently  used  to  design  pavements 
for  capacity  operation: 

t  =  Vs.l  CBR  ~  "5  ^ 

Where: 

t  =  thickness  of  pavement  structure  above  subgrade,  in. 

P  =  single  or  equivalent  single -wheel  load,  lb 
CBR  =  measure  of  the  soil  strength 
A  =  tire  contact  area,  sq  in. 

To  determine  the  design  thickness  for  other-than-capacity  coverage  levels, 
the  capacity  operation  thickness  is  simply  multiplied  by  the  percent  design 
thickness  as  determined  from  figure  1.  The  equation  for  determining  pavement 
thickness  then  becomes: 

=  f*\/  8.1  CBR  ”  i 

Where: 

f  =  design  thickness,  percent 

The  objective  of  this  analysis  was  to  analyze  the  available  traffic  data 
in  order  to  provide  a  revised  percent  design  thickness  factor.  Calculations 
were  made  to  determine  the  percent  design  thickness  factor  for  all  test  data. 
This  was  accomplished  by  dividing  the  actual  thickness  of  the  pavement  struc¬ 
ture  tested  by  the  thickness  required  by  equation  1.  The  results  of  these 
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calculations  are  shown  in  tables  III  and  IV.  The  percent  design  thickness 
values  calculated  were  then  plotted  versus  the  number  of  coverages  that 
brought  about  failure  of  the  test  section. 

Figure  2  presents  the  single-wheel  data  used  in  this  analysis.  The 
curve  presently  used  for  percent  design  thickness  determinations  was  placed 
on  this  figure.  As  can  be  seen,  this  curve  represents  the  data  ver?  well 
as  an  average  curve. 

Figure  3  presents  the  t win-tandem- as sembly  data.  In  drawing  the  curve, 
more  reliability  was  given  to  points  2,  6,  7»  and  8  than  points  3,  U,  and  5. 

(Test  points  refer  to  numbers  from  table  II.)  Points  3-5  were  obtained  from 
a  test  section  that  had  been  previously  trafficked.  Although  these  tests 
were  run  on  an  area  of  the  section  that  had  not  received  a  significant  amount 
of  test  traffic,  some  miscellaneous  traffic  had  been  placed  on  the  area  and 
would  therefore  result  in  somewhat  more  coverages  than  indicated. 

Figure  U  represents  the  results  of  traffic  tests  using  a  12-wheel  landing- 
gear  assembly.  A  curve  was  drawn  slightly  above  these  points  in  order  to  pro¬ 
vide  some  conservatism. 

As  can  be  seen,  the  results  of  the  single-wheel  study  developed  a  straight 
line,  and  the  results  of  the  multiple-wheel  study  are  curves.  It  was  considered, 
therefore,  that  the  single-wheel  criteria  should  also  be  represented  by  a  curve. 
The  single-wheel  curve  was  redrawn  and  is  shown  in  figure  5  with  the  twin-tandem 
and  12-wheel  curves. 

Only  one  twin-wheel  data  point  was  available  for  use  in  this  study.  This 
point  would  plot  between  the  twin-tandem  and  12-wheel  curves.  Logic  indicates 
that  this  point  should  fall  between  the  single-wheel  and  twin-tandem  curves. 

Since  only  one  point  was  available,  no  curve  was  provided  for  twin  wheels. 
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The  design  curves  to  be  used  to  obtain  the  percent  design  thickness  have 
been  developed  using  the  load  on  one  landing-gear  assembly  of  an  aircraft.  In 
actual  practice,  however,  designs  are  to  be  based  upon  the  load  on  all  main- 
gear  tires.  Therefore,  the  percent  design  curves  (figure  5)  show  not  only  the 
landing-gear  type  used  to  develop  the  curves,  but  also  the  total  number  of  air¬ 
craft  main-gear  tires  represented  by  the  gear  type.  Use  of  the  criteria,  there¬ 
fore,  is  accomplished  by  determining  the  equivalent  single-wheel  load  and  the 
percent  design  thickness  for  all  main-gear  tires.  However,  where  it  is  shown 
that  some  combination  or  grouping  of  tires  other  than  all  main-gear  tires  will 
produce  a  greater  thickness  requirement  than  the  main  tires,  then  the  other 
combination  or  group  will  be  used.  Use  of  the  criteria  for  aircraft  having 
a  number  of  wheels  other  than  shown  requires  interpolation  between  the  curves. 
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Figure  2.  Comparison  of  Single -Kneel  Test  Data  and  Current  Thickness  Adjustment  Curve 
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COVERAGES 

Figure  4.  Resets  of  12-Wheel-Assembly  Traffic  Tests  with  Proposed  Thickness  Adjustment  Curve 
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Figure  5.  Flexible  Pavement  Thickness  Adjustment  Curves  for  Various  Landing  Gears 


EQUIVALENT  SINGLE  “WHEEL  LOAD,  PERCENT  OF  ASSEMBLY  LOAD 
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Figure  6.  Equivalent  Single-Wheel-Load  Curves  (Used  for  Table  IV) 
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SECTION  V 
CONCLUSIONS 

f 

In  the  past,  the  design  of  flexible  pavement  airfields  for  various  traffic 
volumes  has  been  accomplished  by  use  of  a  single  curve  as  part  of  the  design 
criteria.  This  curve  has  been  modified  and  expanded  into  a  family  of  curves, 
such  that  each  curve  represents  an  aircraft  with  a  particular  number  of  main 
tires.  This  family  of  curves  represents  the  state-of-the-art  for  designing 
flexible  pavements  for  various  levels  of  traffic  volume. 
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